
ORIGINAL PA= IS N8Tm 15538 
OF POOR QUALm 

k. Subramonia Iyer and F. Sherwood Rowland 
U n i v e r s i t y  of C a l i f o r n i a  

I r w i n = ,  C a l i f o r n i a  

The devrlopmcnt o f  a s e n s i t i v e  chemical technique f o r  the  measure- 

ment o f  atmospheric hydroxy l  r a d i c a l  concent ra t ions  is h i g h l y  des i rab le  

i n  view o f  t h e  lack  o f  s i g n i f i c a n t  S U C C ~ S S  w i t h  cu r ren t  spectroscopic 

methods. The parameters f o r  a chemical technique can be o u t l i n e d  from 

t h e  f o l l o w i n q  r e t  o f  des i rab le  goals: ( 1 )  s u f f i c i e n t  conversion o f  

t r a c e r  species A t o  product B t h a t  B can be measured q u a n t i t a t i v e l y  i n  

the  prcsence o f  A and a great  excess of  a i r ;  (2) s p e c i f i c i t y  of r e a c t i o n  

such t h a t  A i s  converted t o  E on ly  by r e a c t i o n  w i t h  HO: and (3) su f f i -  

c i e n t  s e n s i t i v i t y  f o r  de tec t i on  t h a t  t h e  ambient concentrat ion o f  HO i s  

no t  se r ious l y  perturbed by t h e  presence of  CS and 8. The chemical method 

p rev ious l y  attempted has invo lved the  use o f  &+CU as a t race r  and radio- 

chemical measurement o f  t h e  s4CO= formed by i t s  o x i d a t i o n  by atmospheric 

HO.' The r a t e  constant fo r  t h i s  reac t i on  a t  298 Y and one atmosphere 

pressure 15 about lo-'= c@ molecule-' sec-'. With HO concentratxons i n  

t h e  range 10- t o  lo7 ern-=, t h i s  r a t e  constant is too small t o  a l low 

format ion of s u f f i c i e n t  q u a n t i t i e s  of t h e  L4C02 product in a time per iod  

sho r t  enough t o  avoid containment problems f o r  t h e  a ir  mas5 under t e s t  

(conversion of lo-' t o  per second). Th is  technique was no t  ready  

f o r  C ie ld  app l i ca t i on  and f a i l e d  in t h e  NASA-CITE comparison test. 

The problems encountered w i t h  t he  HO + '+CO cystem can be minimized 

i f  a r e a c t i o n  o f  HO Corminq a s p e c i f i c  product  can be found w i t h  d rate 

constant up t o  100 t imes fas te r  than with CO. The HO concentrat ion i n  
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remote atmospheres i s  believmd to be c o n t r o l l e d  c h i e f l y  by reac t i on  with 

CO, whose concentrat ion l i e s  i n  the  50-150 ppbv range. The l i m i t a t i o n  

on concentrat ion o f  t r a c e r  A i s  ac tua l l y  an upper l i m i t  on t o t a l  

r e a c t i v i t y  w i t h  rcmovr l  o f  HO by reac t i on  w i t h  A no more than 16% as 

l a r g e  as rlrmovrl by r e a c t i o n  w i t h  CO. W i t h  t h is  IOZ upper l i m i t  on 

t o t a l  r e a c t i v i t y  as a c r i t e r i o n ,  a 100-fold increase i n  HO r e a c t i v i t y  of 

A r e l a t i v e  t o  CO would l i m i t  t he  concentrat ion of  A t o  lo-) x CCOI, i.e. 

t o  50-150 pptv. I f  t h e  t r a c e r  species A reacted w i t h  HO only  10 times 

as r r p i d l y  as w i t h  CO, then thr atmospheric concentrat ion l i m i t a t i o n  

would be re laxed t o  10-= x CCOI f o r  the t r a c e r  r e a c t i v i t y  c r i t e r i o n .  

In a d d i t i o n  to a rapid r a t e  constant w i t h  HO and s p e c i f i c i t y  of t he  

r e a c t i o n  product, u s m f u l  monitor reac t i on  m u s t  a l so  s a t i s f y  o ther  

requirrmants,  such as (a) t h e  background l e v r l s  o f  CI and B i n  t h e  

atmosphere should be neg l i q ib le :  (b) other removal p rocrsser  i n  the  

atmosphere should be n e q l i q i b l e  f o r  both the A and B; and (c) A and B 

must be separable f r o m  the a i r  mass and from one another fo r  

quant i  t a t  i vc assay. 

The a d d i t i o n  r e a c t i o n s  of  HO wi th  var ious  alkenes and alkynes are 

known t o  occur w i t h  r a t e  constants i n  the range of lo-%= t o  lo-" cm3 

molecule-L sec-L,' forminq a v i b r r t i o n s l l y  exc i ted  adduct r a d i c a l :  

OH* 

HO + c-c --> c - c- 

/ 'x 

Such exc i ted  r a d i c a l s  usual l y  can then undcrqo e1 thcr col1 i si onal 

stab1 1 i t a t i o n  or  unimol ecular  decomposi ti on. Mi t h  ol e+i n r  conta i  ninq 
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n e r k i y  bonded s u b s t i t u e n t s ,  t h e  p o r s l b i 1 1 t y  e x i s t s  t h a t  a f a s t  

d e c o m p o s i t i o n  c h a n n e l  f o r  t h e  a d d u c t  r a d i c a l  C o u l d  be f o u n d  l e a d i n q  t o  a 

s p e c i f i c  p r o d u c t  (e.9. l o s s  o+ X i n  t h e  R x a W l r  a b o v e . )  

The s u b s t i t u e n t s  R c a n  b e  c o n s t r u c t e d  t o  h a v e  e l e c t r o n r q a t i v t  

c o m p o n e n t s  such as c h l o r i n e  atoms w h i c h  w i l l  f a c i l i t a t e  h i g h l y  s e n s i t i v e  

p r o d u c t  measurement  by gar chrornr togr .p~y-r l rc t r0~ c a p t u r e  t r c h n i q u o .  

T h e  u s e  of s y m m e t r i c  s u b s t i t u e n t  molecules s u c h  as X-C=C-Y m i g h t  be 
I I  

R k  

e x p e c t e d  t o  e n h a n c e  t h e  p r o d u c t  y i e l d .  Clnr loqous  r e a c t i o n %  are known t o  

occur w i t h  a t o m i c  f l u o r i n e  or c h l o r i n e  a t o m s  a n d  v a r i o u s  h r l o a l k e n e s ,  as 

i n  F + CHa-CHBr --> CH==CHF + Br, a n d  F + CH==CH-CH&l --> CH=F-CH-CH= + 

C1. I n  t h e  l a t t e r  case, t h e  d e c o m p o s i t i o n  of a n  a d d u c t  r a d i c a l  b y  l O S 5  

of t h e  C1 atom o c c u r s  so r a p i d l y  t h a t  m o r e  t h a n  99% of  t h e s e  r a d i c a l s  

d e c o m p o s e  a t  one  a t m o s p h e r e  p r e s s u r e  t o  g i v e  t h e  CH=FCH=CH= p r o d u c t . =  I t  

is q u i t e  p o s s i b l e  t h a t  s i m i l a r  r e a c t i o n  c h a n n e l s  c a n  b e  f o u n d  : f o l l o w i n g  

HO a t tack  on s u i t a b l y  s u b s t i t u t e d  o l e f i n s .  L a b o r a t o r y  m e a s u r e m e n t s  of 

p r o d u c t  y i e l d s  and r a t e  c o n s t a n t s  f o r  t h e i r  f o r m a t i o n  a r e  r e q u i r e d  t o  

d e t e r m i n e  whether a r e a c t a n t  molecule  c a n  b e  f o u n d  w h i c h  has t h e  neces- 

sary p r o p e r t i e s  +or d e t e r m i n a t i o n  o f  local HO r a d i c a l  c o n c e n t r a t i o n s .  
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Comments 

Th i s  proposed s tudy  involves  f ind ing  a chemical r e a c t i o n  s p e c i f i c  enough 
f o r  OH, and a measurerpgnt j f  t h e  product formed. 
cons t an t  of about 10- 
converted i n  100 S .  Laboratory s t u d i e s  are needed t o  f i n d  a r e a c t i o n  which 
w i l l  f i l l  t h i s  b i l l ,  y i e l d i n g  a product i n  q u a n t i t y  s u f f i c i e n t  f o r  p r e c i s e  
measurement. This  is an extremely f a s t  ra te  cons tan t  and t h e  s e a r c h  may be 
d i f f i c u l t .  Again t h e r e  is a ques t ion  of pe r tu rb ing  t h e  l o c a l  environment, 
whi le  s t i l l  provid ing  a s e n s i t i v e  measurement. Also t h e  temperature  and 
p r e s s u r e  dependence of t he  r e a c t i o n  r a t e  is a complicated f u n c t i o n  f o r  many of 
t h e s e  s p e c i e s  ( t h a t  is, one must use an RRKM o r  Troe-based p i c t u r e ) ,  and must 
be taken i n t o  account.  

What one wants is a r a t e  
cm s'l, s o  t h a t  0.1 percent  of t h e  OH w i l l  be 
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